
understand the mechanics and consequences of these predicted
changes; we understand to an even lesser degree the consequences
on human health due to changes in the distributions of disease
vectors and pathogens. As in the present study, we can overcome
some of this uncertainty by using ENM to identify future potential
high-risk areas for disease vectors and hosts, explore parasite-
reservoir associations, and aid in planning vector-control strate-
gies. ENM is useful for studying the complex dynamics of
environment and biota over time and estimating distributional
changes to medically important species [this paper, 28–32], pests
[11,60–62], and those organisms in need of conservation [58–
59,63–64].

Materials and Methods

(a) Ecological niche modeling
Predictions about a species’ geographic distribution are built

using the correspondence between information about the presence

of a species and the associated environmental characteristics from
its known range, analyzed via computer algorithms [33–34,65].
The methodology is most often described as ecological niche
modeling (ENM), habitat modeling, or species distribution
modeling [66–68]. These are not identical, and disagreements
regarding the conceptual background and ecological interpreta-
tion of resulting models exist [13,69–70]. Here we employ ENM
and two of the most common applications of projecting the
resulting niche model on different spatial (geography) and
temporal (future climates) domains.

In ENM, species geographic occurrence points and predictor
variables (usually climatic) are used in correlative approaches to
make inferences about the ecological requirements for a species.
These requirements are often referred to as the niche of a species,
defined as the set of tolerances and limits in multidimensional
space that constrain where a species is potentially able to maintain
populations [71]. The modeled niche can be projected onto extant
and future climatic landscapes by identifying the current set of
favorable conditions and selecting for those same climatic
parameters on future maps. This technique is successful because,
at broad scales, abiotic factors are generally sufficient to
characterize the distribution of a species [54,72–73]. Furthermore,
the niche of a species is usually conserved [54–57], suggesting
adaptation to new niche space is unlikely, particularly under the
short time scales analyzed.

A criticism levied on projecting upon changed landscapes is that
modified interactions between species may influence potential
distribution more so than abiotic factors [74–75]. However, as
mentioned, abiotic variables appear to successfully predict paths of
species invasions and geographic distributions at broad scales
[54,72–73]. The future models can be thought of as representing
null expectations, sans interspecific biotic parameters and

Table 2. Percent of suitable niche space forL. reclusa, based
on the projected geographic region.

Future

a2a b2a

Algori-
thm Present 2020 2050 2080 2020 2050 2080

Maxent 13.68 12.28 16.14 19.26 13.55 14.31 16.80

GARP 15.89 13.57 13.49 8.77 12.78 12.28 11.40

doi:10.1371/journal.pone.0017731.t002

Figure 5. GARP-Maxent model agreement for each time slice and scenario. Maroon signals agreement; thus, blue areas are where Maxent
predicted suitable habitat, but not GARP, or vice versa. A threshold has been applied, allowing for a maximum of five percent omission error based on
presence data. Results are depicted in USA Contiguous Albers Equal Area Conic map projection.
doi:10.1371/journal.pone.0017731.g005
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